Abstract. The magnetic extension of the Thomas-Fermi-Weizsäcker kinetic energy is used within densityfunctional-theory to numerically obtain the ground state densities and energies of two-dimensional quantum dots. The results are thoroughly compared with the microscopic Kohn-Sham ones in order to assess the validity of the semiclassical method. Circular as well as deformed systems are considered.
Introduction
Semiclassical approaches to many-body systems are a very valuable tool since they provide physical insights which otherwise are very difficult to achieve. In fact, they have been applied since many years ago to describe different systems such as atoms, atomic nuclei, metals and, more recently, metallic clusters and electronic nanostructures.
Two dimensional quantum dots are not an exception and have been analyzed using the Thomas-Fermi models in, for instance, Refs. [1, 2, 3, 4, 5, 6] .
In Ref. [7] we performed calculations for quantum dots using a selfconsistent Thomas-Fermi-Weizsäcker (TFW) model similar to that developed by Zaremba and coworkers [5] . It is our aim in this paper to extend those calculations by including the effect of a perpendicular magnetic field B using the magnetic extension of the kinetic energy within density-functional theory. As in Ref. [7] we will pay special attention to the quantitative comparison with the microscopic Kohn-Sham solution in order to asses the accuracy limits of the TFW densities and energies as a function of B. The magnetic extension of the Thomas-Fermi theory was rigorously presented by Lieb et al. [3] and a selfconsistent numerical application to circular dots was done in Ref. [4] but, to our knowledge, no detailed com-parison with microscopic calculations has been given in the literature. We also present in this manuscript symmetry unrestricted calculations for deformed dots that had not been considered before within this model.
A peculiar characteristic of the magnetic Thomas-Fermi functional is its first-derivative discontinuity in the density dependence [3] , at particular density values. The physical origin for this is found in the formation of constant energy Landau-bands in the non-interacting Fermi gas at certain magnetic fields. This implies that the mean field is discontinuous, thus manifesting the formation of incompressible regions in the system, each one characterized by the number of full Landau bands, i.e., the filling factor ν. It is worth to point out that experimental evidences of incompressible stripes at the edges of quantum dots and antidots have been obtained by means of far-infrared spectroscopy [8] . As we will show, the semiclassical EulerLagrange equations selfconsistently determine the density profile, energy and chemical potential of the quantum dot, which turn out to be in an overall good agreement with full Kohn-Sham results for increasing magnetic fields up to ν = 1. Section 2 of the paper is devoted to the presentation of the energy functional as well as the minimization equations. In Sec. 3 the results for circular as well as deformed quantum dots are given and, finally, Sec. 4 presents the conclusions.
Magnetic TFW functional
Using a local approximation to density functional theory we assume that the energy of the system can be written in terms of the electronic spin densities ρ η (r), where η =↑, ↓,
. Notice also the explicit dependence on the magnetic field B which is considered as a functional parameter. The different contributions to the energy density may be written as
where the first two pieces give the kinetic energies of spin up and down electrons; the third is the Hartree energy in terms of the Hartree potential v H and the total density ρ = ρ ↑ + ρ ↓ ; the fourth is the exchange-correlation contribution; the fifth is the energy due to the external potential v ext and, the last one corresponds to the Zeeman contribution. As in Refs. [5, 7] , the kinetic energy contains a pure Thomas-Fermi term and a gradient (Weizsäcker)
The gradient term is given by
with λ = 1/4, while the Thomas-Fermi piece is [3, 4] 
In this last expression ω c = give therefore the kinetic energy of the fully occupied Landau bands and that corresponding to the last partially filled band, respectively. It can be shown [3] that, in the limit B → 0, the non-magnetic Thomas-Fermi functional
For the exchange-correlation energy E XC we have used the LSDA functional based on the Tanatar Notice that current-density dependence is not included in the functional. This could in principle be done within the so-called current-density-functional theory although it is known that the contribution to the ground state energy from these terms is in general quite small and only at very high magnetic fields they can be of relevance [13, 14] .
The Zeeman energy reads, in terms of the effective gyromagnetic factor g * and Bohr magneton µ B ,
The energy functional is minimized by the ground state spin densities, or equivalently by the ground state total density ρ and magnetization m = ρ ↑ − ρ ↓ , with the constraint of conservation of the total number of particles.
The corresponding Lagrange parameter µ is, by definition, the chemical potential. The two sets of equivalent equations read
For convenience, we choose to work with the second set which can be transformed, introducing new variables ψ η = √ ρ η , into the alternative Schrödinger-like equations
where we have defined α ↑ = 1, α ↓ = −1 and also introduced the contribution from the Thomas-Fermi energy
The solution of the two coupled Eqs. (6) 3 Results
The TF plateaus
We begin the results section by discussing the effect of the discontinuous contribution to the potential. We present is given, which is again indicating the good estimate given by the TFW of the less bound electron, until the edge reconstruction begins. We mention that we remain here in the limit T → 0, although a small value of T is sometimes necessary to converge the KS results.
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Conclusions
The 18. We define the anisotropy factor β = ωy/ωx and the aver- 
